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(54) Improvements in pedal assemblies for vehicle braking systems 



(57) In a pedal assembly for a brake-by-wire vehicle 
braking system, feedback reaction means (10) is pro- 
vided so that feedback to the driver through the pedal 
(3) provides comfortable feel, similar to the pedal feel 
achieved in a conventional hydraulic braking system fit- 
ted to a non-EBS equipped vehicle. The feedback reac- 
tion means may comprise a two-rate spring assembly 



(24, 26) or a variable rate spring assembly, in combina- 
tion with a damper (40). 

In addition the pedal assembly (1 ) is adapted to two 
signal inputs (50, 51) to a main electric control unit (56) 
which, in turn, is adapted to service two chambers of an 
x-split hydraulic braking system. 
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Description 

This invention relates to pedal assemblies for vehi- 
cle braking systems of the brake-by-wire type of the kind 
in which operation of a brake pedal is adapted to cause 
actuation of the brakes of a vehicle fitted with an Elec- 
tronic Braking System (EBS). 

In an EBS for a vehicle there is usually only an elec- 
trical connection between the brake pedal and an Elec- 
tronic Control Unit (ECU) which is adapted to control the 
braking system in accordance with the signals received 
from the pedal assembly. Usually the pedal assembly is 
provided with a displacement transducer, normally a po- 
tentiometer, adapted to produce a varying electrical out- 
put proportional to the driver's braking demand. This 
usually works in tandem with a spring adapted to provide 
the driver with a degree of mechanical feedback indic- 
ative of the magnitude of the applied demand. Such an 
arrangement is shown in EP-A-0 195 579. 

The arrangement disclosed in EP-A-0 195 579 in- 
corporates a mechanism by which the driver is able to 
generate a braking demand signal for use by the EBS 
system. In such an arrangement the overriding intention 
is to provide such a demand signal at the expense of 
any improvement in driver feel or comfort. As a result 
the "feel" of the pedal and associated system is gener- 
ally unsatisfactory. 

A good conventional hydraulic braking system is ar- 
ranged to provide the driver with a comfortable pedal 
feel, action, and braking response. This "feel" comprises 
at least three distinct components, although any combi- 
nation of two of these would also be effective. Firstly the 
driver feels a change in system stiffness as the demand 
or pedal displacement increases. Secondly, the driver 
feels damping in the pedal action as the pedal is moved 
progressively through its travel. Finally the driver expe- 
riences hysteresis in the response of the system as the 
pedal is applied and released. These three elements 
are, within a conventional system, generated by a com- 
bination of hydraulic restrictions and damping as well as 
actuator stiffness and built-in hysteresis. 

According to our invention in a pedal assembly of 
the kind set forth feedback reaction means is provided 
so that feedback to the driver through the pedal provides 
a comfortable pedal feel. 

For example, the pedal feel may be similar to that 
achieved in a conventional hydraulic braking system fit- 
ted to a non-EBS equipped vehicle. 

Spring means and damping means may be built into 
the braking system in order to provide the driver with a 
comfortable pedal feel. 

This can be achieved by a spring assembly in com- 
bination with a damper, for example an elastomeric re- 
action disc or an hydraulic damper, either incorporated 
in the spring assembly or comprising a rotary dashpot 
which may be fitted to the pivot pin for an angularly 
moveable lever carrying the foot pad. 

The spring assembly may comprise a two-rate 



spring assembly or a variable rate spring assembly. 

In a modification the EBS includes a hysteresis 
function. 

In one construction this comprises a filter adapted 
5 to provide a fixed hysteresis value or a value adapted 
in dependence upon either the rate of change of the 
brake application, the magnitude of the brake applica- 
tion, or a combination of both. 

The pedal assembly may be embodied in a pedal 
10 box which accommodates the feedback reaction 
means. 

In another construction the pedal acts on the piston 
of an hydraulic master cylinder through a push-rod and 
a variable rate spring, and a linear displacement trans- 
it ducer is adapted to produce a signal to an ECU in re- 
sponse to displacement of the pedal in a brake applying 
direction. 

In this construction the hydraulic master cylinder 
builds in hydraulic damping, and hysteresis, by virtue of 
20 it connecting to the pedal. 

According to another aspect of our invention a pedal 
assembly of the kind set forth is adapted to provide two 
signal inputs for a main electronic control unit which, in 
turn, is adapted to service at least two sub-systems of 
25 a braking system. 

The signals may be sensed through two potentiom- 
eters, either rotary or linear in construction. 

When the potentiometers are of the rotary type, they 
may be connected to the pedal through a ratio arm. 
30 Hence pedal travel in the form of pedal rotation is 
sensed. 

Some embodiments of our invention are illustrated 
in the accompanying drawings in which:- 

35 Figure 1 is a side elevation of a pedal assembly for 
an EBS including a longitudinal section through a 
pedal box; 

Figure 2 is a graph showing the relationship 
40 between pedal travel and pedal effort; 

Figure 3 is an end view of another pedal assembly 
including a rotary dashpot or damper; 

45 Figure 4 is a side elevation similar to Figure 1 but 
showing a modified construction; 

Figure 5 illustrates another pedal assembly; 

so Figure 6 is a side elevation of yet another pedal 
assembly for an EBS also adapted to operate an 
hydraulic master cylinder upon failure of the EBS; 

Figure 7 is a plan of the pedal assembly of Figure 
55 6; and 

Figure 8 is a layout of an EBS including an elec- 
tronic hysteresis function. 
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The pedal assembly 1 illustrated in Figure 1 of the 
accompanying drawings comprises a pedal box 2. The 
pedal box comprises a lever 3 having a foot pedal 4 at 
its lower end and being carried at its upper end from a 
bracket 5 through a pivot pin 6 about which the lever 3 s 
is angularly moveable against the force in a return leaf 
spring 7. Angular movement of the lever 3 operates a 
rotary potentiometer 8 for actuating an EBS. 

The bracket is mounted on one side of a bulkhead 
9 of the vehicle, and a housing 10 projecting into the 
engine compartment is secured to the opposite side of 
the bulkhead 9, extending rearwardly through the bulk- 
head 9 towards the lever 3. The housing has a longitu- 
dinally extending bore 11 in the end of which adjacent 
to the pedal 1 works a short piston 12 upon which the 
pedal 1 acts through a rocking strut 13. The strut 13 is 
connected to the pedal lever 3 through a pivot pin 14 
and has a rocking engagement at its opposite end with 
the base of a recess 15 in the piston 12. The piston 12 
carries a forwardly extending piston rod 16 of stepped 
outline of which a distal portion 17 of smaller diameter 
works in a bore 1 3 of a cylindrical extension 1 9 of a cir- 
cular fitting 20. The fitting 20 is provided in the face re- 
mote from the extension 19 with a circular recess 21 
which receives a disc 22 of elastomeric material and 
which is clamped against a wall 23 at the adjacent outer 
end of the housing 10 by the force in a compression 
spring 24 acting between the piston 11 and the fitting 20 
through a sleeve 25. 

A second compression spring 26 of a higher rate 
than the spring 24 surrounds the cylindrical extension 

19 and a portion of the rod 16 which is of greater diam- 
eter. When the piston 11 is fully retracted, the compres- 
sion spring is unstressed and is spaced from the fitting 
20. 

In operation, initial angular movement of the pedal 
lever 3 in a brake -applying direction is opposed by the 
force in the outer lower rate, spring 24. This increases 
progressively and the magnitude of the "feedback 0 or 
"feel" increases in a second range of movement when 
the higher rate inner spring 26 "bottoms" against the fit- 
ting 20, whereafter, upon further movement in the same 
direction, the magnitude of "feel" is increased, not only 
by further compression of the spring 24 but by compres- 
sion of the inner spring 26. This continues until a shoul- 
der 30 at the step in diameter between the portions 16 
and 17 of the rod engages with the extension 1 9 to de- 
fine the stop. However, due to the presence of the disc 
22, a solid "feel" is prevented by movement of the fitting 

20 towards the end wall 23. In practice it is unusual for 
the shoulder 30 to contact the extension 19. 

The relationship between pedal travel and pedal 
feel, known as pedal stiffness, is illustrated in the graph 
of Figure 2 of the accompanying drawings. 

In a modification of the construction of Figure 1 . the 
coil compression springs 24 and 26 can be replaced by 
wrap springs of different rates arranged to surround the 
pivot pin 6. Such an arrangement is particularly useful 



where space is at a premium. 

In the pedal box 2 illustrated in Figure 3 of the ac- 
companying drawings, a rotary dashpot or damper 40 
is connected to the pivot pin 6 of the pedal lever 3, so 
that the damper is adapted to damp movement of the 
pedal lever in at least a downward or brake-applying di- 
rection. 

Preferably the amount of damping is fixed at the 
suitable level but optionally the damping level could be 
made to vary in accordance with either the speed of ap- 
plication or the magnitude of application of the brake 
pedal. For most installations there would only be a re- 
quirement for any significant damping of the pedal ac- 
tion in a brake-applying direction, but it could be fore- 
seen that some level of damping would be required in 
the "brakes off" position, preventing a too rapid brake 
pedal release. 

The construction and operation of the pedal box of 
Figure 3 is otherwise the same as that of Figure 1 , and 
corresponding reference numerals have been applied 
to corresponding parts. 

In the pedal box illustrated in Figure 4 of the accom- 
panying drawings, the inner spring 26 is omitted. The 
piston rod 16 is shortened and is adapted to operate a 
conventional damper 41 including a spring and a liquid 
filled cylinder of the dashpot type. 

By choice of the correct rate for the spring 24 : and 
in the spring of the damper, the correct stiffness profile 
can be obtained. 

As in the previous modification, wrap springs could 
be combined with the rotary dashpot of Figure 3. 

Figure 5 of the accompanying drawings illustrates 
the installation with a pedal assembly of at least two ro- 
tary potentiometers 50,51 which act as sensors for pro- 
viding the varying electrical signal indicative of the driv- 
er's braking demand. At least two sensors 50,51 are 
used to provide separate signals for each half of the 
braking system. Typically one sensor 50 provides sig- 
nals to an ECU controlling one of at least two sub-sys- 
tems of a braking system, and the other sensor 51 pro- 
vides signals to the ECU for another sub-system of the 
braking system. In one example the ECU is adapted to 
service two-channels of an X-spiit braking system. In 
normal operation the two halves remain totally inde- 
pendent, but it could be foreseen that conventional re- 
dundancy techniques could be used where applicable. 

In a modification the rotary potentiometers 50,51 
could be replaced with linear potentiometers, to suit a 
particular installation. 

The signals emanating from the sensor 52 are fed 
into an ECU which controls the application of the brakes. 

In the pedal assembly illustrated in Figures 6 and 7 
of the accompanying drawings the pedal lever 3 is cou- 
pled through a clevis 70 to a push-rod 71 . A variable rate 
spring 72 surrounds the push-rod 71 and abuts at op- 
posite ends between a shoulder 72 on the rod and an 
abutment member 73 carried from the fixed body 74 of 
an hydraulic master cylinder 75. The push-rod 71 is op- 
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eratively connected to the portion 76 of the master cyl- 
inder. 

A single linear displacement transducer 80 carried 
from the body 74 by means of tie rods 81 is adapted to 
measure displacement of the pedal 1 to provide a signal 
to the ECU which controls the application of the brakes. 

Since the push-rod 71 is operatively connected to 
the piston of the master cylinder 76 of the master cylin- 
der 75, upon failure of the EBS, the brakes can be ap- 
plied hydraulically by the master cylinder 75 in response 
to additional movement of the push-rod 71 in a brake- 
applying direction. 

A typical system in which the pedal assembly of Fig- 
ures 6 and 7 may be incorporated from the subject of 
our GB Patent Application No. 9420149.8. 

The provision of the hydraulic master cylinder to 
provide hydraulic back-up enables us to simply the elec- 
trical control system is as much as on a single sensor 
comprising the single transducer so need be provided. 

The embodiment of Figures 6 and 7 therefore incor- 
porates a variable rate spring 72, and the hydraulic mas- 
ter cylinder 75 builds in hydraulic damping, and hyster- 
esis, by virtue of its connection to the pedal lever 3. 

An EBS is illustrated in the layout of Figure 8 of the 
accompanying drawings. 

As illustrated in Figure 8 signals from a sensor 54 
sensing movement of a pedal assembly 55 are fed into 
an ECU 56 for controlling application of the brakes. Spe- 
cifically an energising current from the ECU 56 actuates 
a solenoid-operated actuator 57 in turn lor regulating the 
flow of hydraulic fluid under pressure from an hydraulic 
actuator 58 to a brake 59. 

The circuit includes software hysteresis 60 in the 
form of a filter arrangement which provides either a fixed 
hysteresis value or a value adapted in dependence 
upon either the rate of change of application of the 
brakes or the magnitude of application or a combination 
of both. A similar, in-built, hysteresis effect can be 
achieved by suitable selection of springs and damper 
as described above with reference to the preceding em- 
bodiments. However it is envisaged that it would be 
more effective from both the performance and cost point 
of view to build in the value of hysteresis electronically. 

The pedal assembly 55 is incorporated into a pedal 
box having a two-rate spring assembly, or a variable rate 
spring assembly, or a spring and damper combination 
as described above with reference to Figures 1 , 3, 4 and 
5, 6 and of the accompanying drawings. 

In the present invention we provide a good conven- 
tional pedal feel for the driver, which improves comfort 
and therefore driver satisfaction. Where the software 
hysteresis is concerned, we are able to tune the pedal 
feel to both the requirements of the vehicle, and of the 
driver. The tuning of the system for comfort is seen as 
a one off per installation but again where software or 
electronic control is employed the system can adapt to 
understand the driver's driving technique and compen- 
sate for any irregularities in order to maintain a good 



feel. 



Claims 

5 

1 . A pedal assembly for a brake-by-wire vehicle brak- 
ing system in which operation of a brake pedal (3) 
is adapted to cause actuation of the brakes of a 
vehicle fitted with EBS, characterised in that feed- 
to back reaction means (10) is provided so that feed- 
back to the driver through the pedal (3) provides a 
comfortable pedal feel. 

2. A pedal assembly as claimed in claim 1, in which 
15 the feedback reaction means comprises a spring 

assembly (24,26) in combination with a damper 
(22). 

3. A pedal assembly as claimed in claim 2, in which 
20 the spring assembly comprises a two-rate spring 

assembly. 

4. A pedal assembly as claimed in claim 2, in which 
the spring assembly comprises a variable rate 

25 spring assembly. 

5. A pedal assembly as claimed in any of claims 2-4, 
in which the damper (22) comprises an elastomeric 
reaction disc. 

30 

6. A pedal assembly as claimed in any of claims 2-4, 
in which the damper comprises a rotary dashpot 
(41). 

35 7. A pedal assembly as claimed in any of claim 2-4, in 
which the damper comprises a telescopic piston 
and cylinder assembly. 

8. An electronic braking system for a vehicle including 
40 a pedal assembly as claimed in any preceding 

claim, in which the braking system includes a hys- 
teresis function. 

9. An electronic braking system as claimed in claim 8 
45 in which the hysteresis function comprises a filter 

adapted to provide a fixed hysteresis value, or a 
value adapted in dependence upon either the rate 
of change of a brake application, the magnitude of 
the brake application, or a combination of both. 

50 

10. An electronic braking system as claimed in any pre- 
ceding claim, in which the pedal assembly is 
embodied in a pedal-box which accommodates the 
feedback reaction means. 

55 

11 . An electronic braking system as claimed in any pre- 
ceding claim, in which the pedal (3) acts on the pis- 
ton (76) of an hydraulic master cylinder (75) through 
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a push-rod (71 ) and a variable rate spring (72), and 
a linear displacement transducer (80) is adapted to 
produce a signal to an ECU in response to displace- 
ment of the pedal in a brake-applying direction. 

5 

12. A pedal assembly for a brake-by-wire vehicle brak- 
ing system in which operation of a brake pedal (3) 
is adapted to cause actuation of the brakes of a 
vehicle fitted with EBS, characterised in that the 
pedal assembly is adapted to provide two signal 10 
inputs for a main electronic control unit which, in 
turn, is adapted to service two sub-systems of a 
braking system. 

13. A pedal assembly as claimed in claim 12, in which is 
the signals are sensed through at least one poten- 
tiometer. 

14. A pedal assembly as claimed in claim 1 3, including 

an hydraulic master cylinder (75). 20 

15. A pedal assembly as claimed in claim 12 or claim 
13, in which the potentiometer comprises a linear 
displacement transducer. 

25 

16. A pedal assembly as claimed in claim 11, in which 
the potentiometer is of the rotary type, and is con- 
nected to the pedal through a ratio arm. 

30 
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